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bstract
Conodont biostratigraphical work was done at four sections recently found with occurrence of the rhynchonellide brachiopod genus, Dzieduszy-
kia  Siemiradzki, in southern Guangxi and in the border area between Dushan County of Guizhou and Nandan County of Guangxi, South China.
hese sections represent two different types of facies, i.e., carbonate platform and intraplatform basin. The conodont analysis reveals that this
enus occurs in the Upper triangularis  Zone and the Middle crepida  Zone at the Dazhai Section, through the Lower to Upper crepida  zones at
along, and is restricted within the Upper rhomboidea  Zone at the two intraplatform basin sections (Changtang and Duli). This result demonstrates
hat the occurrence of these peculiar rhynchonellide brachiopods in South China, regardless of the depositional environments, is within the Lower
amennian instead of the previously suggested Upper Famennian. Furthermore, this brachiopod genus in South China began to inhabit on the
arbonate platform almost since the beginning of the Famennian and did not extend to the intraplatform basin facies until the late Early Famennian.
Available biostratigraphic data indicate that during the Early and Middle Famennian, Dzieduszyckia  is widely distributed not only in South
hina, but also throughout the world, such as Morocco and southern Ural.
Observation on the new collections from the four studied sections reveals that the peculiar rhynchonellide brachiopods have a great
orphological variation within each section. Significant differences existed among the collections from different sedimentary settings and
ocalities, probably reflecting the environmental and geographic constraint on the morphology of Dzieduszyckia. Samples from different lay-
rs in the same section have nearly identical morphological variation, suggesting the temporal inheritance in morphology of the rhynchonellide
rachiopod.
 2016 Elsevier B.V. and Nanjing Institute of Geology and Palaeontology, CAS. All rights reserved.
eywords: Conodont biostratigraphy; Dzieduszyckia; Brachiopods; Famennian; South China
s
R
.  IntroductionDzieduszyckia  is one of the largest Paleozoic rhynchonel-
oids, characterized by bisulcate, strongly costate shell. It has
een reported from United States, Mexico, Morocco, Poland,
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871-174X/© 2016 Elsevier B.V. and Nanjing Institute of Geology and Palaeontologouthern Ural, Kazakhstan, and South China (Nalivkin, 1947;
ozman, 1962; Biernat, 1967; Cloud and Boucot, 1971; Ager
t al., 1976; Xian and Jiang, 1978; Noll et al., 1984; Balin´ski
nd Biernat, 2003). Dzieduszyckia  is normally discovered as
onospecific fauna. As such, it is widely accepted that this genus
ight inhabit in a cold-seep related environment (Ager et al.,
976; Campbell and Bottjer, 1995; Peckmann et al., 2007).
In South China, Dzieduszyckia  was previously reported only
rom three localities: Dayao of Puding County (Xian and Jiang,
978), Daihua of Changshun County (Xian et al., 1980) and
ialiantang of Dushan County (Xian and Jiang, 1978) (marked
s localities 1–3 in Fig. 1). All three localities were situated
y, CAS. All rights reserved.
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Fig. 1. Sketched Late Devonian paleogeographic map of Guangxi and southern Guizhou, China, showing distribution of Dzieduszyckia in South China. 1. Dayao of
Puding; 2. Daihua of Changshun; 3. Jialiantang (Xiasi) of Dushan; 4. Changtang (Mawei) of Dushan; 5. Duli (Liuzhai) of Nandan; 6. Dazhai (Xiasi) of Dushan; 7.
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salong of Tiandeng.
n the inter-platform basin named as Shui-Nan (Shuicheng-
andan) Basin during the Late Devonian and the brachiopod
zieduszyckia was discovered in the lower part of the Daihua
ormation (now revised as Wuzhishan Formation). Based on
he material from Dayao and Jialiantang, four Dzieduszyckia
pecies were established with a very brief description in the
hinese Paleontological Atlas of Guizhou Province (Xian and
iang, 1978). The rhynchonellide brachiopods from the Daihua
ection have not been formally described yet, but are variably
ecorded as Leiorhnchus  baschkirica, Eoperegrinella  baschkir-
ca, or Dzieduszyckia  baschkirica  in literature (Sun and Shen,
965; Xian et al., 1980; Hou et al., 1985; GZGMRB, 1987). In
he Daihua section, Dzieduszyckia  occurs more than ten meters
elow the typical upper Famennian ammonoid faunas charac-
erized with Clymenia  and Wocklumeria  (Sun and Shen, 1965;
an, 1981). Wang and Wang (1978) did a conodont biostrati-
raphic work on the section only for the ammonoid beds. On the
asis of these previous records, Hou (1988) concluded the bra-
hiopod (he used Eoperegrinella  as the genus name) represents
 monotonous brachiopod community that lived in relatively
eep-water pelagic setting in Guizhou and Guangxi and occurred
ithin the ammonoid Clymenia  Zone (late Famennian) strati-
raphically, as those discovered in southern Ural, Poland, North
frica, and North America. However, such conclusion lacks
etailed biostratigraphic support.
In this paper, we report four newly found localities with
ccurrence of Dzieduszyckia  and present a preliminary result
f the conodont biostratigraphic work on these sections. Fur-
hermore, we give a preliminary report on the morphological
ariation of the brachiopods on the basis of new collections from
he studied sections. The detailed systematic paleontological
F
s
l
btudy and geochemical analysis of the collections will be
resented elsewhere.
.  Geological  background  and  fossil  localities
Guangxi and southern Guizhou provinces are the most impor-
ant areas in China for the study of Devonian biostratigraphy
nd paleontology. The Devonian transgression initiated from
he Qin-Fang (Qinzhou-Fangcheng) remnant trough in southern
uangxi and expanded progressively northwards on the South
hina plate (e.g., Wu in Zhong et al., 1992; Chen et al., 2001a).
he transgression only reached the central and western parts of
uangxi during the Early Devonian, whereas the central parts of
uizhou and Hunan provinces were submerged in the Middle
evonian. From the late Early Devonian (Emsian), especially
rom the Middle Devonian (Givetian), the Guangxi block was
ragmented and subsided in the context of a progressive transten-
ional tectonic movement of South China block, resulted in a
ranstensional (strike-slip) rift basin domain in the Late Devo-
ian (Chen et al., 2001b). Carbonate platforms (or shelf in
he Early Devonian) developed on the paleohighs were com-
only bounded by curvilinearly narrow intraplatform basins
or troughs) extending locally for several hundreds of kilome-
ers. Such specific platform-basin configuration was interpreted
s a result of the major NNE–SSW-trending, sinistral strike-
lip faulting along the deep-seated basement zones, inducing a
eries of secondary fault zones (Chen et al., 2001a, 2001b, 2006;
ig. 1). The Upper Devonian on the offshore carbonate platform
etting consists mainly of massive algal, bioclastic, and oolitic
imestone (Rongxian Formation), whereas in the intraplatform
asin setting, it is composed of either thin to medium bedded
6 world
l
s
F
m
o
D
(
(
J
s
a
f
a
i
a
c
a
t
D
o
o
t
b
3
f
w
t
c
t
U
f
a
m
A
r
c
4
4
D
c
s
(
t
s
t
1
c
F
c
c
d
P
P
P
o
c
l
p
o
Z
s
S
a
g
f
o
l
e
t
fi
l
b
l
t
m
g
p
Z
u
r
n
o
u
a
c
c
s
d
4
a
t
c
p
f
(
g
a02 T. Nie et al. / Palaeo
imestone intercalated with cherty bands (Gubi Formation) or
iliceous rock (Liujiang Formation) in the lower part (mainly
rasnian) and banded and nodular limestone (Wuzhishan For-
ation, Famennian) in the upper part.
Three of the four newly discovered localities with occurrence
f Dzieduszyckia  (Fig. 1), including the Changtang, Duli and
azhai sections, are situated in the border area between Dushan
Guizhou Province) and Nandan counties (Guangxi Province)
Fig. 1). These localities are very close to Xian and Jiang (1978)’s
ialiantang site, whereas the Dalong Section is situated further
outh in Guangxi Province. Paleogeographically, the Dazhai
nd Dalong sections were situated on offshore carbonate plat-
orm during the Late Devonian and the Dzieduszyckia  coquinas
re preserved in the massive oolitic limestone of the Rongx-
an Formation. Two layers of 2.5 m thick coquinas are traced
t the Dazhai Section whereas three layers of Dzieduszyckia
oquinas with thickness varying from 0.3 to 1 m can be observed
t the Dalong Section (Fig. 2). The Changtang and Duli sec-
ions were situated in the intraplatform basin facies and the
zieduszyckia  coquinas are preserved in the thin bedded banded
r nodular limestone of the Wuzhishan Formation. Five layers
f Dzieduszyckia  coquinas at the Changtang Section and at least
hree layers of Dzieduszyckia  coquinas at the Duli Section can
e traced (Fig. 3).
.  Material  and  methods
The conodont limestone samples were digested with 3%
ormic acid for 48 h and then washed and dried in air. Conodonts
ere picked out by hand under stereomicroscope directly from
he air-dried residues. Conodont specimens were coated with
hromium and then photographed with Quantan 560 SEM in
he laboratory at School of Earth and Space Sciences, Peking
niversity. Hammer and vise were used to obtain brachiopods
rom bulk limestone. Brachiopod specimens were coated with
mmonium chloride and photographed under Nikon SMZ1500
icroscope. All images have been further processed using
dobe Photoshop CS6. All specimens illustrated herein are
eposited in the Geologic Museum of Peking University with
atalogue numbers PKUM02-0674–0763.
.  Conodont  biostratigraphy
.1.  Sections  on  the  carbonate  platform  facies:  Dazhai  and
along
At the Dazhai Section, two layers of 2.5 m thick Dzieduszy-
kia coquinas were discovered in the Rongxian Formation,
panning ca. 35–40 m in thickness. Seven and eight samples
dz1 to dz15) (each ca. 2 kg in weight) were collected around
he lower and upper Dzieduszyckia  coquina for conodont analy-
is, respectively (Fig. 2). Conodonts are recovered from most of
hese samples with richness varying from several to more than
00 specimens in each. Polygnathus  and Icriodus  are rare in the
onodont assemblages but Palmatolepis  is dominant (Table 1,
ig. 4). The conodonts from the samples around the lower
oquina (dz1 to dz7) include Pa.  triangularis  Sannemann, Pa.
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larki  Ziegler, Pa.  subperlobata  Branson et Mehl, Pa.  delicatula
elicatula  Branson et Mehl, Pa.  minuta  minuta  Branson et Mehl,
a. perlobata  perlobata  Ulrich et Bassler, Pa.  regularis  Cooper,
a. sandbergi  Ji et Ziegler, Pa.  tenuipunctata  Sannemann, and
a. werneri  Ji et Ziegler with a few primitive Pa.  quadrantin-
dosalobata Sannemann in samples dz5 and dz6, which are
haracteristics of the Upper triangularis  Zone (Fig. 2). Thus the
ower Dzieduszyckia  coquina of the section is unquestionably
laced within the Upper triangularis  Zone.
The conodonts from the samples around the upper coquina
f the section include Pa.  triangularis  Sannemann, Pa.  clarki
iegler, Pa.  subperlobata, Pa.  minuta  minuta, Pa.  minuta  wol-
kae Szulczewski, Pa. crepida  Sannemann, and Pa.  termini
annemann. The presence of Pa. crepida, Pa.  minuta  wolskae
nd Pa.  termini  (Fig. 4.3, 7, 11) and absence of elements of Pa.
labra group clearly indicate an age of the Middle crepida  Zone
or the upper Dzieduszyckia  coquina of the section.
At the Dalong Section, six samples were collected for con-
dont analysis from a 7 m thick sequence, consisting of oolitic
imestone and the Dzieduszyckia  coquinas. Conodonts are recov-
red from all samples with richness varying from several to more
han 60 specimens in each (Table 1). The conodonts of the lower
ve samples (d1–d5) are generally similar to those around the
ower Dzieduszyckia  coquina of the Dazhai Section (Figs. 2, 4)
ut with occurrence of Pa.  crepida  from d2 collected from the
ower Dzieduszyckia  coquina of the section, suggesting that
he lowest occurrence of Dzieduszyckia  at the Dalong Section
ay be no lower than the Lower crepida  Zone, and is strati-
raphically higher than that in the Dazhai Section. Pa. glabra
rima Ziegler et Huddle, the index species of the Upper crepida
one (Ziegler and Sandberg, 1990), occurs in d6 just below the
pper Dzieduszyckia  coquina (Figs. 2, 4.1). Thus, Dzieduszyckia
anges up into the Upper crepida  Zone in this section. It is worth
oting that Dzieduszyckia  coquinas are also found in a nearby
utcrop about 3 km west of the Dalong section. Pa.  minuta  min-
ta and Pa.  glabra  pectinata  Ziegler are recovered from samples
round these coquinas, which indicate that these Dzieduszy-
kia coquinas are biostratigraphically no lower than the Upper
repida Zone and no higher than the Lower marginifera  Zone,
uggesting that Dzieduszyckia  possibly ranges up into the Mid-
le Famennian in area around Tiandeng County.
.2.  Sections  in  the  intraplatform  basin  facies:  Changtang
nd Duli
At the Changtang Section, an 11.5 m thick sequence con-
aining five layers of Dzieduszyckia  coquinas was measured and
an be subdivided into 17 beds (ct1–ct17). Twenty-eight sam-
les were collected for conodont analysis. Conodonts extracted
rom the Changtang Section have high diversity and richness
Table 2, Fig. 3), and are dominated by the subspecies of Pa.
labra group in most samples (Table 2, Figs. 3, 5). The conodont
ssemblages from the lower part of the section, represented
y samples ct1 to ct5-2, are diagnostics of the Lower rhom-
oidea Zone. The important conodonts of this zone include Pa.
labra acuta  Helms, Pa.  glabra  glabra  Ulrich et Bassler, Pa.
labra lepta, Pa.  glabra  pectinata  Ziegler, Pa.  glabra  prima
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Fig. 2. Distribution of the conodonts in the Dazhai and Dalong sections. The photos in the lower middle: (a) Overview of the lower part of the Dazhai Section, Dushan
C  Tian
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Pounty, Guizhou Province; (b) Dzieduszyckia conquina at the Dalong Section,
onquina at the Dazhai Section, Dushan County, Guizhou Province.
iegler et Huddle, Pa.  klapperi  Sandberg et Ziegler, Pa.  lobicor-
is Schülke, Pa.  minuta  minuta  Branson et Mehl, Pa.  minuta  loba
elms, P.  perlobata  schindewolﬁ  Müller, Pa.  poolei  Sandbergt Ziegler, Pa.  quadrantinodosalobata  Sannemann Morphotype
, Pa.  regularis  Cooper, Pa.  rhomboidea  Sannemann, Pa.  sub-
racilis Bishoff, Pa.  subperlobata  Branson et Mehl, Polygnathus
i
s
ideng County, Guangxi Province; (c) fresh surface of the upper Dzieduszyckia
revilaminus, Po.  nodocostatus  nodocostatus, and Nothognathe-
ia sp. Among them Pa.  quadrantinodosalobata  Morphotype 1,
a. regularis, and Pa.  subgracilis  become extinct within thisnterval and Pa.  klapperi  begins to occur near the base of the
ection. Conodonts from the rest part of the section are character-
stics of the Upper rhomboidea  Zone with absence of Pa.  poolei,
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a.  quadrantinodosalobata, Pa.  regularis  and Pa.  subgracilis
nd appearances of Pa.  gracilis  gracilis  Branson et Mehl, Pa.
uadrantinodosa  inﬂexa  Müller and Pa.  stoppeli  Sandberg et
iegler. The lower boundary of the Upper rhomboidea  Zone
t the section can be placed between the samples ct5-2 and
t5-3, being defined either by the first occurrence of Pa.  gra-
ilis gracilis  (Bai et al., 1994) or by the last occurrence of Pa.
ubgracilis  (Ziegler, 1977). It is clear that all the five layers of
zieduszyckia  coquinas at this section are restricted within the
pper rhomboidea  Zone.
As much of the outcrop is covered by road and buildings at the
uli Section, nine samples (du-1 to du-9) were collected from
 ca. 15 m thick sequence for conodont analysis. Conodonts are
r
c
g
pthe Changtang and Duli sections.
nly recovered from part of them (Table 2). Although not as
ich and diverse as in the Changtang Section, the conodonts can
e correlated with those from the Changtang Section. The con-
donts from the lower part of the section (sample du-2 and du-3
elow the Dzieduszyckia  coquinas), especially from sample du-
, are highly in agreement with the lower part of the Changtang
ection, characteristic of the Lower rhomboidea  Zone with pres-
nces of Pa.  klapperi, Pa.  poolei, Pa.  quadrantinodosalobata
orphtype 1, and Pa.  subgracilis  (Figs. 3, 5). The conodontsecovered from the sample du-7 (just above the Dzieduszyckia
oquinas) include Pa.  glabra  pectinata, Pa.  glabra  prima, Pa.
racilis gracilis, Pa.  minuta  minuta, Pa.  rhomboidea, Pa.  sub-
erlobata, and Po.  nodocostatus  nodocostatus. The presence of
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Table 1
Numerical distribution of conodonts in Dazhai (Dushan County of Guizhou) and Dalong (Tiandeng County of Guangxi) sections.
Sections and samples Dazhai Section Dalong Section
Taxa dz1 dz2 dz3 dz4 dz5 dz6 dz7 dz8 dz9 dz11 dz12 dz13 dz14 dz15 d1 d2 d3 d4 d5 d6
Pa. minuta minuta 26 11 1 4 11 23 9 24 1 3 1 7 1 3 28 2 22 7 25 3
Pa. minuta wolskae 13 5 1 23 1 6
Pa. regularis 2 3 1 1 1 2 1 5
Pa. triangularis 12 5 1 5 2 2 1 1 1 8 1 3 1 1
Pa. subperlobata 54 8 3 12 42 5 5 1 8 4 14 9 1 11 3
Pa. delicatula delicatula 19 6
Pa. werneri 1 1 9 1
Pa. sanbergeri 1 1
Pa. clarki 6 7 1
Pa. crepida 2 1 1? 1 7
Pa. tenuipunctata 6 2 3 1 2 10 2 2 11 2 4
Pa. perlobata perlobata 4 1 1
Pa. quadrantinodosalobata 2 4 1 1 2 1 5
Pa. glabra prima 12
Pa. termini 1
Pa. sp. 1
Icriodus sp. 3 1
Po. brevilaminus 5 2 3 12 4 1
Po. sp. 1
Sum 113 30 4 10 35 96 32 57 2 13 4 50 3 15 63 5 40 10 45 28
606 T. Nie et al. / Palaeoworld 25 (2016) 600–615
Fig. 4. Selected representative conodonts from Dazhai (dz) and Dalong (d) sections. 1. Palmatolepis glabra prima Ziegler et Huddle, d6, PKUM02-0674; 2, 3.
Pa. crepida Sannemann, d5 and dz8, PKUM02-0675 and 0676; 4, 5. Pa. quadrantinodosalobata Sannemann, dz-5 and d5, PKUM02-0677 and 0678; 6. Pa. clarki
Ziegler, dz6, PKUM02-0679; 7. Pa. termini Sannemann, dz8, PKUM02-0680; 8. Pa. tenuipunctata Sannemann, d1, PKUM02-0681; 9. Pa. werneri Ji et Ziegler,
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Cz4, PKUM02-0682; 10. Pa. sanbergi Ji et Ziegler, dz3, PKUM02-0683; 11. Pa
t Mehl, d3, PKUM02-0685; 13. Pa. subperlobata Branson et Mehl, dz1, PKU
a. triangularis Sannemann, d1, PKUM02-0688. Scale bars are 100 m.
a.  gracilis  gracilis  indicates a stratigraphic position no lower
han the Upper rhomboidea  Zone. Considering the conodonts
rom samples below the Dzieduszyckia  coquinas and the thick-
ess of the interval occupied by the Dzieduszyckia  coquinas
lmost equal to that in the Changtang Section, we believe that
ll Dzieduszyckia  coquinas of this section are, similar to the
hangtang Section, also within the Upper rhomboidea  Zone.
Although no detailed biostratigraphic information published
or the previously reported three sites with occurrence of
zieduszyckia, considering these sites situated in the same
ntraplatform basin and the rhynchonellide brachiopods pre-
erved in the same formation to Changtang and Duli sections,
t is reasonable to believe the occurrence of the rhynchonellide
rachiopods in these sites are correlated to that in Changtang
nd Duli, also within the Upper rhomboidea  Zone.
t
a
C
hta wolskae Szulczewski, dz8, PKUM02-0684; 12. Pa. minuta minuta Branson
0686; 14. Pa. delicatula delicatula Branson et Mehl, dz1, PKUM02-0687; 15.
.  Remark  on  the  geological  and  geographic
istribution  of  Dzieduszyckia
Our conodont biostratigraphic results demonstrate that the
ccurrence of Dzieduszyckia  in South China, either in carbonate
latform or in the intraplatform basin, is within the lower Famen-
ian rather than the upper Famennian as previously thought
Hou, 1988). Although no detailed biostratigraphic information
ublished for the previously reported three sites with occurrence
f Dzieduszyckia  situated in the same intraplatform basin to the
hangtang and Duli sections, it is reasonable to speculate that
he biostratigraphic position of the rhynchonellide brachiopods
t those sites may be comparable to, or higher than, that in the
hangtang and Duli sections. In South China, Dzieduszyckia
ad its first appearance in the early Early Famennian (Upper
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Table 2
Numerical distribution of conodonts in Changtang (Dushan, Guizhou) and Duli (Nandan, Guangxi) sections.
Sections and samples Changtang Section
Taxa ct1 ct2 ct3-1 ct3-2 ct3-3 ct4 ct5-1 ct5-2 ct5-3 ct6-1 ct6-2 ct6-3 ct6-4 ct8 ct10 ct11 ct12
Pa. gracilis gracilis 2 2 11
Pa. glabra acuta 2 3 4 2 1 1 1 1 2 4 2
Pa. g. glabra 2 3 8 1 1 2 2 2 3 2
Pa. g. lepta 6 2
Pa. g. pectinata 2 2 2 7 1 1 2 14 17 25 8 32 58
Pa. g. prima 64 20 4 2 58 221 7 11 4 32 10 16 10 45 16 28 10
Pa. klapperi 7 5 3 4
Pa. lobicornis 18 1 5
Pa. minuta minuta 5 17 1 2 14 17 10 10 11 30 7 7 7 6 7 12 10
Pa. minuta loba 1 12 1 1 3 1
Pa. p. schindewolﬁ 3 1 2 1 4
Pa. q. inﬂexa 2
Pa. quadrantinodosalobata 30 15 1 3 2
Pa. regularis 16 8
Pa. rhomboidea 2 1 1 5
Pa. stoppeli
Pa. subgracilis 2 2 6 7 1
Pa. subperlobata 21 29 1 21 15 5 3 3 3 1 2 3 2 10 3
Nothognathella sp. 1 2 4 1 1 1
Po. brevilaminus 1 3 1 3 2 1 1
Po. n. nodocostatus 1 4 2 1 1 2 1
Sum 180 122 9 4 115 293 24 32 24 74 26 44 42 83 35 107 93
Sections and samples Changtang Section Duli Section
Taxa ct13 ct14-1 ct14-2 ct14-3 ct15 ct16-1 ct16-2 ct16-3 ct17-1 ct17-2 du1 du2 du3 du4 du6 du7
Pa. gracilis gracilis 12 12 1
Pa. glabra acuta 2 4 3 11 1 1 1 2
Pa. g. glabra 3 1 1 17 5 1
Pa. g. lepta 3 67
Pa. g. pectinata 14 11 52 10 7 83 22 5 3 5
Pa. g. prima 15 10 76 2 47 21 88 37 155 18 94 19 17
Pa. klapperi 2
Pa. lobicornis 1 5
Pa. minuta minuta 28 13 41 2 13 2 17 4 6 34 3 19 1 2 6
Pa. minuta loba 1 3 1
Pa. p. schindewolﬁ 8 1 3 8 11 6 23 1
Pa. q. inﬂexa 2 1 6
Pa. quadrantinodosalobata 9 12
Pa. regularis
Pa. rhomboidea 3 3 2
Pa. stoppeli 2 9 3 8 4 64 6
Pa. subgracilis 12 1 3
Pa. subperlobata 5 6 3 11 5
Nothognathella sp. 1 10 4 1 3
Po. brevilaminus 4 2 4 2 17 2 4
Po. n. nodocostatus 2 6 1 1 6 2
Sum 86 51 196 5 85 41 296 7 89 386 1 37 164 1 25 42
608 T. Nie et al. / Palaeoworld 25 (2016) 600–615
Fig. 5. Selected representative conodonts from Changtang (ct) and Duli (du) sections. 1, 2. Pa. stoppeli Sandberg et Ziegler, ct17-2, PKUM02-0689 and 0690; 3.
Pa. quadrantinodosa inﬂexa Müller, ct17-2, PKUM02-0691; 4, 5. Pa. gracilis gracilis Branson and Mehl, ct13 and ct17-2, PKUM02-0692 and 0693; 6. Pa. klapperi
Sandberg et Ziegler, ct4, PKUM02-0694; 7, 8. Pa. rhomboidea Sannemann, ct13, PKUM02-0695 and 0696; 9, 10. Pa. glabra pectinata Ziegler, ct17-2 and ct12,
PKUM02-0697 and 0698; 11. Pa. glabra acuta Helms, ct11, PKUM02-0699; 12, 13. Pa. glabra glabra Ulrich et Bassler, ct11 and du-3, PKUM02-0700 and 0701; 14.
Pa. glabra lepta Ziegler et Huddle, ct1, PKUM02-0702; 15. Pa. poolei Sandberg et Ziegler, ct4, PKUM02-0703; 16, 17. Pa. subgracilis Bischoff, ct4, PKUM02-0703
and 0704; 18. Transitional form from Pa. quadrantinodosalobata Morphotype to Pa. poolei, du-3, PKUM02-0705; 19. Pa. quadrantinodosalobata Morphotype,
ct3-1, PKUM02-0706; 20. Pa. perlobata schindewolﬁ Müller, ct17-2, PKUM02-0707; 21. Pa. glabra prima Ziegler et Huddle, ct1, PKUM02-0708; 22. Pa. minuta
loba Helms, ct13, PKUM02-0709; 23. Pa. regularis Cooper, ct2, PKUM02-0710; 24, 25. Pa. minuta minuta Branson et Mehl, ct17-2 and ct5-1, PKUM02-0711
and 0712; 26. Pa. subperlobata Branson et Mehl, ct4, PKUM02-0713; 27. Pa. lobicornis Schülke, ct14, PKUM02-0714; 28. Polygnathus brevilaminus Branson
et Mehl, ct14 PKUM02-0715; 29, 30. Po. nodocostatus nodocostatus Branson et Mehl, ct17-2 and ct16-2, PKUM02-0716 and 0717; 31. Nothognathelia sp., ct4,
PKUM02-0718. Scale bars are 300 m except 6 which is 500 m.
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Fig. 6. Dzieduszyckia from the Dazhai Section, Dushan County, Guizhou Province. 1–11, from the lower conquina (Upper triangularis Zone, Famennian). 1a–d,
ventral, dorsal, anterior, and lateral views, PKUM02-0719; 2a–e, ventral, dorsal, anterior, posterior, and lateral views, PKUM02-0720; 3a–d, ventral, dorsal, anterior,
and lateral views, PKUM02-0721; 4a–c, ventral, dorsal, and anterior views, PKUM02-0722; 5a–c, ventral, dorsal, and anterior views, PKUM02-0723; 6a–c, ventral,
lateral, and anterior views, PKUM02-0724; 7, dorsal views, PKUM02-0725; 8a–b, dorsal and anterior views, PKUM02-0726; 9a–c, anterior, ventral, and lateral
views, PKUM02-0727; 10a–d, ventral, dorsal, anterior, and lateral views, PKUM02-0728; 11a–c, ventral, anterior, and dorsal views, PKUM02-0729. 12–21, from the
upper conquina (Middle crepida Zone, Famennian). 12a–b, ventral and lateral views, PKUM02-0730; 13a–c, dorsal and lateral views and enlargement of umbonal
region to show the ventral interarea, PKUM02-0731; 14a–b, lateral and anterior views to show the geniculated lateral and anterior commissure, PKUM02-0732;
15a–c, ventral, dorsal, and anterior views, PKUM02-0733; 16a–c, ventral, anterior, and dorsal views, PKUM02-0734; 17a–c, dorsal and lateral views and enlargement
of umbonal region to show the ventral interarea, PKUM02-0735; 18a–d, ventral, dorsal, anterior, and lateral views, PKUM02-0736; 19a–b, ventral and anterior
views, PKUM02-0737; 20a–b, ventral and lateral views, PKUM02-0738; 21a–d, ventral, anterior, lateral, and dorsal views, PKUM02-0739.
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Table 3
Comparison of the morphological variation of the Dzieduszyckia collections from the studied sections in South China.
Sections and collections Carbonate platform Intraplatform basin
Characters Dazhai-1 Dazhai-2 Dalong Duli Changtang
Shell outline
Subtriangular
√ √ √  √
Pentagonal
√
Subcircular
√ √ √ √ √
Transversal oval-quadrate
√ √ √ √ √
Lateral profile
Very flat
√ √
Moderate convex
√ √ √ √ √
Shell strongly convex
√ √ √ √ √
Ventral beak
Ventral beak small and low
√ √ √ √ √
Ventral beak large and high
√ √ √
Ventral interarea
√ √
Inflated umbonal region
√
Median sulcus and fold
Ventral sulcus as shallow anterior depression Common Common Common Rare
Ventral sulcus well developed Rare Rare Rare Common Common
Ventral sulcus absent
√ √ √
Dorsal sulcus as shallow anterior depression
√ √ √ √
Distinct dorsal sulcus
√
Dorsal sulcus absent
√ √ √ √ √
Median fold in dorsal valve
√  √
Costation
Ribs angular in shape
√ √ √ √ √
Ribs round and flat
√ √ √ √ √
Ribs simple
√  √ √ √ √
Ribs occasionally bifurcated
√ √ √ √ √
Ribs fully cover the shell
√ √ √ √ √
Ribs restricted in anterior half shell
√  √ √
Ribs evenly spaced
√ √  √ √ √
Ribs unevenly spaced
√ √ √ √ √
Number of ribs (range/average) 8–32/21 11–33/19 13–32/22 7–22/13 10–>30
G
√ √ √
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rowth asymmetry and malformation Common 
riangularis  Zone), and is restricted to the offshore carbonate
latform setting. It lasted and dispersed through the middle and
ate Early Famennian (crepida-rhomboidea  zones) or probably
ven to early Middle Famennian (Lower marginifera  Zone), and
id not achieve a wide distribution in the intraplatform basin
acies until the Upper rhomboidea  Zone (uppermost Lower
amennian in sensu of Becker, 2009; Becker and House, 2009).
The record of the rhynchonellide brachiopods from the
azhai Section represents one of the earliest records of this
enus so far known in the world, next to that from Tadzhik-
stan where Dzieduszyckia  baschkirica  was reported to occur in
he Frasnian (Menakova, 1991) but no details have been given
f this occurrence. Among the fossil records, this genus was
eported to occur in the Upper trachytera  to Lower expansa
one in Poland (Biernat, 1988), through the ammonoid Cheilo-
eras to Laevigites  zones in southern Ural (Rozman, 1962)
hat is equivalent to the conodont Upper–Uppermost crepida  to
pper Lower–Middle expansa  zones according to Becker et al.
2012). In Morocco, a 10–20 cm thick layer of limestone con-
aining abundant Dzieduszyckia  (most probably D.  tenuicostata
Termier, 1936)) might be bracketed within the Upper triangu-
aris Zone and the Upper marginifera  Zone (Peckmann et al.,
t
c
g
Common Common Rare
007). The rhynchonellide brachiopods were also reported from
he Famennian in North America (Cloud and Boucot, 1971;
oll et al., 1984) and Kazakhstan (Rozman, 1962), but there
s no detailed biostratigraphic information to correlate to cer-
ain conodont zones. These observations indicate that the genus
zieduszyckia  had already achieved a global distribution in the
arly Famennian soon after its first appearance, reflecting its
trong dispersal ability.
.  Morphological  variation  of  Dzieduszyckia  in  South
hina
Detailed systematic paleontological study on the new col-
ections will be presented in a separate paper. Here we only
ive a preliminary report on the morphological variation of
he brachiopods from the new sections. The new collection of
he rhynchonellide brachiopods from the four studied sections
ncludes several hundreds of specimens. The brachiopods from
he Dazhai, Dalong, and Duli sections are dominated with arti-
ulated shells, whereas the ones from the Changtang Section are
enerally preserved as disarticulated valves, suggesting that the
hangtang specimens might have been transported. The Dazhai
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Fig. 7. Dzieduszyckia from the studied sections in South China. 1–9, from the Dalong Section, Tiandeng County, Guangxi Province (Lower to Upper crepida
zones, Famennian). 1a–c, ventral, dorsal, and anterior views, d-s1, PKUM02-0740; 2a–c, anterior, lateral, and ventral views to show growth malformation, d-s1,
PKUM02-0741; 3a–b, ventral and anterior views, d-s1, PKUM02-0742; 4a–d, ventral, dorsal, anterior, and lateral views, d-s1, PKUM02-0743; 5a–c, ventral,
dorsal, and anterior views, d-s1, PKUM02-0744; 6a–c, ventral, dorsal, and anterior views, d-s1, PKUM02-0745; 7a–d, ventral, dorsal, lateral, and anterior views,
d-s3, PKUM02-0746; 8a–c, ventral, dorsal, and anterior views, d-s1, PKUM02-0747; 9a–d, anterior, lateral, ventral, and dorsal views, d-s3, PKUM02-0748. 10–18,
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pecimens range from 5 to 43 mm in width, probably represent-
ng a more complete growth sequence from juvenile to adult,
hereas the specimens from the Dalong, Changtang, and Duli
ections vary between 11 mm and 40 mm in width.
The rhynchonellide brachiopods from all the studied sec-
ions, like the samples from Poland, southern Ural, and Morocco
Rozman, 1962; Biernat, 1967; Balin´ski and Biernat, 2003),
how strong morphological variation in shell outline, shape, and
ostation (Table 3, Figs. 6, 7). Below we will briefly summarize
he morphological variations observed in our new collections.
In general, the collections from the platform sections (Dazhai
nd Dalong) show larger range of variations in shell outline,
hape, and costation than the ones from the intraplatform basi-
al sections (Changtang and Duli) (Table 3, Figs. 6, 7). The
hell length is smaller than the shell width in all specimens
rom the intraplatform basin sections, but the shell length larger
han, or equal to, the width is only occasionally observed from
he platform sections (Fig. 8A, B). For samples with the shell
ength obviously smaller than the width (length/width <0.85),
he shell is transverse oval-quadrate in outline, whereas for
he samples with shell length/width >0.85, the outline of the
hell could be subtriangular, pentagonal, subcircular or quadrate
Figs. 6, 7.1–9). Thus, samples from the platform sections have
ider range of variation in outline than those from the intraplat-
orm basin environment. The lateral and anterior views of the
latform fossils range from flat lenticular to strong globular, indi-
ating strong variation in shell convexity (Figs. 6, 7.1–9, 8C).
n contrast, the intraplatform basin materials have moderate to
trong convexity (Figs. 7.10–24, 8C).
Except for a few samples with well-developed sulcus or
ithout sulcus, the ventral and dorsal sulcus is usually poorly
eveloped as shallow anterior depressions in platform specimens
Figs. 6, 7.1–9). No dorsal fold is observed in the collections
rom the platform sections. For brachiopods from the intraplat-
orm environments, the ventral sulcus is usually well developed,
hile the dorsal sulcus is not developed; instead, a dorsal fold
s observed in many samples (Fig. 7.10–24).
Geniculated lateral and anterior commissions are only
iscovered in some specimens from the platform sections
Figs. 6.14, 16, 7.4), but this character is never found in
he intraplatform specimens. Furthermore, the asymmetric and
alformed shells, probably resulted from the crowded-life
ode, are common in samples from the platform sec-
ions (about 15–30% at Dazhai and more >50% at Dalong)
Figs. 6.16, 21, 7.2, 5, 6, 9), but are rather rare in the intraplatform
ections (<5% at Duli and not observed at Changtang).
Specimens from the Dazhai section are distinguished from
amples of other three sections by the presence of a small but
w
a
P
rom the Changtang Section, Dushan County, Guizhou Province (Upper rhomboide
KUM02-0749; 11a–d, ventral, dorsal, anterior, and lateral views, ct16, PKUM02-
orsal, lateral, and anterior views, ct16, PKUM02-0752; 14, ventral views, ct16, PK
KUM02-0755; 17, dorsal views, ct16, PKUM02-0756; 18, dorsal views, ct16, PKU
Upper rhomboidea Zone, Famennian). 19a–c, ventral, anterior, and lateral views, du
759; 21a–d, ventral, dorsal, anterior and posterior views, du-6, PKUM02-0760; 22
orsal, and anterior views, du-6, PKUM02-0762; 24a–c, ventral, dorsal, and anterior 25 (2016) 600–615
istinct ventral interarea (Fig. 6.13, 17). This feature is observed
n some small specimens from the lower conquina (Dazhai-1)
ut is more common in the upper conquina (Dazhai-2). Other
han that, specimens from the lower and upper conquinas in the
azhai section do not have any significant difference. Inflation of
he umbonal region is common in the collection from the Dalong
ection (Fig. 7.5, 6) but is seldom observed in specimens from
ther sections.
Ribs are generally simple but sometimes sparsely dichoto-
ous regardless of depositional environments and sample
ocalities (Figs. 6.1–3, 9, 19, 7.1, 3, 4, 8, 13). Ribs are highly
ariable in both shape and density. The rib shape could be round
r angular and the density of ribs ranges from 2–10 per 5 mm at
azhai, 3–6 per 5 mm at Dalong, 2–7 per 5 mm at Changtang,
nd 2–4 per 5 mm at Duli. For the Dazhai and Dalong collections,
he ribs are evenly or unevenly spaced, covering the whole shell
r restricted to anterior half (Figs. 6.5, 7.4, 8). But in other col-
ections, it seems more evenly spaced in the whole shell. There is
o clear correlation between the number of ribs and shell width
n samples from the Dazhai, Dalong, and Changtang sections,
ut the Duli samples show an obvious correlation between the
umber of ribs and shell width (Fig. 8D), suggesting that the rib
ensity remains nearly constant during the growth.
Thus, several preliminary conclusions can be drawn based on
ur materials. First, there is a great morphological variation in
zieduszyckia. Second, collections from the platform sections
re significantly different from those in the intraplatform basin
nvironments, suggesting the possible environmental control on
he morphology of Dzieduszyckia. Third, brachiopods from dif-
erent sections (localities) in the same depositional environment
re also different, indicating the geographic constraints on the
orphology of Dzieduszyckia. Finally, samples from different
ayers in the same section have nearly identical morphological
ariation, suggesting the temporal inheritance in morphology.
t is widely accepted that Dzieduszyckia  inhabited in seep-vent
nvironments (Ager et al., 1976; Campbell and Bottjer, 1995;
eckmann et al., 2007), and is normally discovered with low-
iversity but high abundance (Rozman, 1962; Biernat, 1967;
ger et al., 1976; Noll et al., 1984; Balin´ski and Biernat, 2003).
ecause most seep-vent faunas are monospecific, the morpho-
ogical variation observed in a single collection (in the same
ocality) should reflect the morphological plasticity of a species
f Dzieduszyckia.
There are three species of Dzieduszyckia, namely Dzieduszy-
kia oblonga  Xian, Dz.  elongata  Xian, and Dz.  xiasiensis  Jiang,
ere described by Xian and Jiang (1978) based on the materi-
ls from the Jialiantang section in the Dushan County, Guizhou
rovince. According to the original descriptions (Xian and Jiang,
a Zone, Famennian). 10a–d, ventral, dorsal, anterior, and lateral views, ct16,
0750; 12a–b, ventral and lateral views, ct6, PKUM02-0751; 13a–d, ventral,
UM02-0753; 15, ventral views, ct16, PKUM02-0754; 16, ventral views, ct16,
M02-0757. 19–24, from the Duli Section, Nandan County, Guangxi Province
-5, PKUM02-0758; 20a–c, ventral, anterior, and dorsal views, du-6, PKUM02-
a–c, ventral, dorsal, and anterior views, du-6, PKUM02-0761; 23a–c, ventral,
 views, du-6, PKUM02-0763.
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Fig. 8. Bivariate plots of the shell measurements in Dzieduszyckia from the studied sections. (A) Shell length to width; (B) shell length index to width, the dashed
horizontal line indicating the transformation boundary of shell outline, specimens plotted below it exclusively of transversal outline; (C) shell thickness index to
width, the dashed lines indicating the categories of shell convexity from weak to strong; (D) number of costae to shell width, shading area for range of the samples
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978), Dz.  oblonga  has a transversely quadrate outline with
oorly defined ventral sulcus as a shallow depression anteriorly,
ectimarginate to weakly uniplicate anterior commissure, and
imple costae that are angular anteriorly and vanish posteriorly;
z. elongata  is diagnosed with a round triangular outline with
dentical width and length, having distinct geniculation in the lat-
ral and anterior commissures, lacking median fold and sulcus,
nd having 27–29 low round, unevenly paced simple ribs; Dz.
iasiensis is characterized by transversally oval outline, equally
iconvex profile, distinct median sulcus in both valves that nar-
ow posteriorly and broaden anteriorly, and anterior shell surface
overed by 25–30 equally spaced simple ribs.
As mentioned above, samples from a single section show
 wide range of morphological variation, and such variation
ight represent the morphological plasticity of a species
f Dzieduszyckia. Thus it is reasonable to speculate that
hese three species from the Jialiantang section may actually
epresent the same species. This inference is consistent with theorphological variation of brachiopods from a single platform
ection (Dazhai or Dalong) covering all the diagnostic features
f the three species established by Xian and Jiang (1978)
Table 3). If this is the case, according to the principle of pri-
rity of ICZN, the valid species name for brachiopods from the
ialiantang section is Dzieduszyckia  oblonga, and Dzieduszy-
kia elongata  and Dzieduszyckia  xiasiensis  are its subjective
ynonyms.
.  Conclusions
. The conodont analysis on the four sections reveals that the
occurrence of these peculiar rhynchonellide brachiopods in
South China, either in carbonate platform or in intraplatform
basin sections, all within the Lower Famennian rather than
the Upper Famennian as previously thought. In the carbonate
platform facies, this genus is distributed in the Upper trian-
gularis  Zone and Middle crepida Zone at the Dazhai Section
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and ranges through the Lower to Upper crepida  zones at
the Dalong Section, whereas in the intraplatform basin sec-
tions of Changtang and Duli it is restricted within the Upper
rhomboidea Zone. This result indicates that Dzieduszyckia
had already inhabited the carbonate platform at the Late tri-
angularis  Zone (earliest Famennian) and achieved a wide
distribution during the Early to Late crepida  zones (mid Early
Famennian), but was not widely distributed in the intraplat-
form basin facies until the Late rhomboidea  Zone (late Early
Famennian) in South China.
. Available biostratigraphical data indicate that Dzieduszy-
ckia was already distributed in far distant regions like North
Africa, Ural, and South China during the Early Famennian
soon after its first occurrence, reflecting its strong dispersal
ability.
. Observation on the large new collections reveals that the
peculiar rhynchonellide brachiopods have a great morpho-
logical variation. The collections from the platform sections
are significantly different from those in the intraplatform
basin environments, suggesting the possible environmental
control on the morphology of Dzieduszyckia. The bra-
chiopods from different sections (localities) in the same
depositional environment are also different, indicating the
geographic constraints on the morphology of Dzieduszyckia.
Samples from different layers in the same section have nearly
identical morphological variation, suggesting the temporal
inheritance in morphology.
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